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A3ST RACT 


THE  Kt98  HCWITZ-R  aS  A  CIR..CT  SUPPORT  V.^APOr.'  LURING 
A&FHIEIOUS  OPERATIONS,  'ey  Uajor  Leslie  k.  Palm,  USkC,  42  pa 

This  study  attempts  to  determine  the  impact  of  the  £.198 
howitzer's  mobility  on  its  ability  to  perform  as  a  direct 
support  weapon  during  amphibious  operations.  The  focus 
of  this  analysis  is  on  the  weapon's  amphibious  adaptability 
ground  mobility  and  helicopter  transportability  as  com¬ 
pared  to  the  howitzer  it  is  replacing. 

The  study  indicates  that  the  Ml 98  suffers  a  relative  loss 
of  mobility  in  two  critical  areas.  It  requires  a  -renter 
effort  to  be  transported  in  the  landing  craft  currently 
available  and  it  requires  an  auxiliary  mover  for  position¬ 
ing  in  the  absence  of  its  prime  mover. 

The  most  significant  of  these  deficiencies  is  the  degraded 
ground  mobility.  The  development  of  an  auxiliary  pro¬ 
pulsion  unit  which  is  an  integral  part  of  the  howitzer 
will  tremendously  improve  its  maneuverability . 
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CHAPTER  I 


INTRODUCTION 


Background 

The  emergence  of  the  Soviet  Union  as  a  world  mil¬ 
itary  power  after  World  War  II  created  the  potential  for 
military  conflict  between  itself  or  its  satellite  countries 
and  the  United  States  and  its  allies.  This  possible  con¬ 
frontation  caused  the  United  States  military  forces  to 
assess  thf-'ir  weapon  systems  against  those  used  by  the  Soviet 
Union  and  the  communist  cloc  countries.  It  was  apparent 
that  the  direct  support  artillery  weapons  used  by  the  U.S. 
Marine  Corps  as  well  as  the  U.S.  Army  were  significantly 
outranged  by  those  of  their  potential  adversaries.  The  need 
to  modernize  their  artillery  weapons  was  apparent. 

Marine  Corps  leadership  desired  to  retain  a  rel¬ 
atively  lightweight  105mm  howitzer  system  for  direct  support 
and  participated  with  the  Army  in  testing  various  prototypes 
to  replace  the  MIOIAI.  An  Army  artillery  effectiveness 
study,  "Legal  Mix  V,"  conducted  in  1977  indicated  that  for 
the  Army's  purposes  a  155mm  howitzer  wo s  mere  effective 
than  a  105mm  howitzer  as  a  direct  support  weapon.1  In 
order  to  concentrate  on  155mm  howitzer  development,  the 

A 

Army  discontinued  all  105mm  howitzer  development  programs. i 

The  Army's  decision  had  a  significant  impact  on 
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the  Marine  Corps  and  left  it  with  two  alternative,  either 
keep  the  K101AI  as  its  direct  support  weapon  or  aiort  a 
1.55mm  howitzer  to  fill  this  role.  Keeping  the  K101A1  was 
rejected  because  of  its  insufficient  range  capability  and 
inadequate  ammunition  inventory.  The  Marine  Corps  con¬ 
ducted  a  comparative  study  of  the  towed  the  self- 

propelled  K109A1  and  the  towed  Ml 98  to  determine  which 
155*wn  howitzer  to  adopt.  The  M109A1  was  rejected  because 
its  size  prohibits  it  from  being  transported  by  helicopter. 
The  M114  series  howitzer  is  no  longer  being  produced  and  is 
not  ccmpatable  with  the  new  extended  range  family  of  pro¬ 
pellants  so  it  was  also  rejected.-^ 


heed  for  the  Stud' 


Although  the  Marine  Corps’  comparative  analysis 
determined  that  the  Ml 98  was  the  best  alternative  to  the 


M101A1,  one  question  remains  yet  unanswered.  How  well  will 
this  weapon  be  able  to  fulfill  the  direct  support  role 
during  amphibious  operations?  with  its  larger  caliber  and 
increased  range,  the  Ml 98  has  pot-ntial  mobility  problems 
because  of  its  greater  size  and  weight  than  the  weapon  it 
is  replacing.  The  true  measure  of  the  effectiveness  of  a 
direct  support  artillery  w-apor  is  its  ability  *0  provide 
the  reaaired  fire  support  wh-re  and  when  it  is  needed  r.y 
maneuver  units.  These  criteria  are  directly  related  to  a 


weapon's  mobility  and  take  on  added  significance  during 
amphibious  operations. 


The  maneuverability  of  a  howitzer  affects  its 


ability  to  re  transported  ashc-re  a^d  its  ability  to  be 


prepared  to  fire  from  its  initial  position.  The  irportar.ee 
of  being  able  to  land  artillery  early  in  an  amphibious 
assault  can  ee  better  understood  through  a  brief  examination 
of  one  of  the  amphibious  operation's  fire  support  doctrinal 
concepts.  Supporting  arms  planning  for  an  amphibious 
assault  indicates: 


Until  field  artillery  is  landed  and  is  ready  to  fulfill 
requests  lor  fire  support,  support  normally  rendered 
by  artillery  must  be  fulfilled  by  aircraft  and  naval 
gunfire  insofar  as  possible. 

The  last  phrase  of  this  doctrinal  concept  prompts  an  exam¬ 
ination  of  the  ability  of  aircraft  and  naval  gunfire  to 
fulfill  these  reauests. 

Today  improved  weapon  lethality  coupled  with 


precise  delivery  systems  make  attack  aircraft  a  formidable 
means  of  fire  support.  The  effectiveness  of  air  support 
depends  upon  the  attainment  of  local  air  superiority  within 
the  amphibious  objective  area.  A  basic  precept  of  amphib¬ 
ious  operations  states: 

Achievement  of  local  air  superiority  in  the  area  of 
operations  is  a  prerequisite  for  the  success  of  an 
amphibious  operation. ^ 

Once  air  superiority  is  established,  effective  ofiensive  air 
support  can  be  provided  to  maneuver  units  to  the  degree 
that  assets,  weather  and  visibility  permit. 

Fire  support  provided  by  naval  run fire  support  ships 
deserves  closer  scrutiny.  During  World  War  II,  naval  gun¬ 
fire  was  a  dominant  factor  in  the  success  of  amphibious 
operations.  Following  World  War  II,  how  ver,  the  U.S.  Davy’s 
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? unfire  capability  began  to  -‘rode.  Improved  enemy  offensive 
air  capability  al on?  with  sophisticated  missiles  (  oth  sur¬ 
face  and  subsurface)  posed  an  increasing  threat  to  the  sur¬ 
vival  of  the  Navy's  fleet  ships.  On  surface  warships,  runs 
cegan  being  replaced  by  missiles  and  sopnisticated  radars 
and  directors  to  counter  this  threat.1^  The  effect  of  this 
conversion  has  been  that  surface  warships  have  changed  from 
offensive  to  primarily  defensive  weapons. 7  Table  1  depicts 
the  degree  to  which  naval  gunfire  capacility  has  declined 
from  the  end  of  World  War  II  to  the  present  day, 

TABLE  1 

DECLINE  OF  NAVAL  OLNFIP.E 


Gun  Size 

19450 

1 964*5 

1 00 0 

16" 

116 

0 

0 

i4" 

L62 

0 

0 

12" 

30 

0 

0 

Q  ** 

227 

30 

0 

6" 

444 

24 

0 

5” 

3310 

1096 

00 

<v 

c~\ 

*  Figures  are  for  the  active  fleet. 


.All  of  the  tubes  listed  in  Table  1  would  net  be  available 
for  fire  support  to  maneuver  units  during  an  amphibious 
operation.  Some  of  the  shies  cear:n<j  g..ns  would  be  providing 
screening  or  ether  fleet  protection  missions  and  therefore 
be  unable  to  provide  supporting  fires  during  the  amphib¬ 
ious  assault. 


With  air  support  effective  but  largely  dependent 
on  the  weather  ar.d  naval  gurfire  existent  but  ir.s--rficier.t, 
the  need  to  get  ^’ield  artillery  ashore  as  early  as  possible 
is  readily  seen.  The  ability  to  '-ring  the  it  1 9?  ashore 
quickly  to  fulfill  the  direct  support  role  will  be  critical 
to  the  success  of  future  amphibious  operations. 

Purpose  of  the  Study 

The  purpose  of  this  study  is  to  determine  the  irrpac 
of  the  Mice’s  mobility  on  its  effectiveness  as  a  direct 
support  weapon  during  amphibious  operations.  To  be  able 
to  properly  analyze  this  problem,  one  basic  question  will 
be  addressed.  How  di:ficult  will  it  be  to  get  the  hi ^8  to 
the  beach  and  into  its  initial  firirg  position?  Only  Vy 
thoroughly  examining  all  facets  of  this  question  includin? 
amphibious  adaptability,  ground  mobility  and  helicopter 
transportability  will  it  be  possible  to  evaluate  the  new 
weapon's  ability  to  perform  in  the  direct  support  role. 

Method  of  .-'tudy 

A  complete  analysis  of  hypothetical  ar.d  empirical 
data  relative  to  the  weapon  system's  mobility  was  made. 
Amphibious  adaptability  studies  conducted  by  the  Marine 
Corps  were  used  to  analyze  the  problems  encountered  in 
transporting  the  howitzer  from  ship  to  shore.  Various 
Army  as  well  ns  Marine  Corps  studies  were  used  tc  evaluate 
the  ground  mobility  of  the  Ml -8  once  it  is  brought  ashore, 
wherever  possible,  s  comparison  <~f  corresponding  statistics 
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for  the  MIOlAl  is  made  to  he  able  to  quantify  any  charge 
ir  responsiveness  of  direct  support  artillery  in  an  amphib¬ 
ious  operation. 

By  comparing  the  howitzer's  physical  characteristics 
v/ith  the  lift  capabilities  of  naval  amphitic  s  ships/craft 
and  Marine  Corps’  helicopters,  an  evaluation  can  be  made 
as  to  the  effort  required  to  get  the  weapon  system  ashore. 


Ground  mobility  is  addressed  by  analyzing  the  problems 
involved  with  moving  the  surface  landed  Ml  9c  from  the  beach 
tc  its  initial  firing  position  utilizing  the  prime  movers 
and  auxiliary  movers  presently  available  tc  the  Marine 
Corps. 

Explanation  of  Terns 

Amphibious  Assault  Ship  (IhA).  The  LHA  is  an  amphib¬ 
ious  ship  equipped  with  a  full  length  helicopter  flight  deck, 
a  landing  craft  docking  well,  and  a  large  storage  area  for 
trucks,  armored  vehicles  and  other  large  equipment. 

Amphibious  Assault  Ship  (LI-H).  The  I.PH  is  designed 
primarily  to  exploit  the  use  of  helicopters  during  amphib¬ 
ious  operations. 

Amphibious  Cargo  Ship  (IKA).  The  LhA  is  primarily 
used  for  transporting  bulk  cargo  which  is  stored  in  holds. 

It  decs  not  have  a  landing  craft  docking  well. 

Amphibious .Transport  Lock  (ifD).  The  LPL  has  a 
flight  deck  and  a  landing  craft  docking  well  which  gives 
it  the  capability  to  debark  vehicles,  equipment  and  personnel 
by  landing  cra-t ,  amphibious  vehicle  or  helicopter. 
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Landing  Shir  Lock  (LG.).  Thn  LSD  is  designed  to 
carry  loaded  landing  craft  to  the  objective  ar-a.  landing 
craft  are  discharged  by  lowering  the  stern  gate  ar.d  flood¬ 
ing  the  well  deck  until  they  can  move  out  under  their  own 
power. 

Landing;  Shin  Tank  (LST).  The  LST  is  designed  to 
transport  and  land  amphibious  vehicles,  tanks,  combat 
vehicles  and  ether  enuipment.  unloading  can  be  accomplished 
at  the  tow  ramp  or  stern  gate  onto  landing  craft,  cause¬ 
ways  cr  piers. 

iVarine  Amphibious  Unit  (MAU).  A  ?*AU  is  the  smallest 
of  the  three  types  of  Marine  Air-Ground  Task  Forces.  It 
Is  composed  of  a  command  element,  a  ground  combat  element 
(normally  a  battalion  landing  team),  a  composite  aircraft 
souadron,  and  a  combat  service  support  element. 

Assumptions 

The  following  assumptions  have  been  made  for  the 
purpose  of  this  study. 

Once  the  Ivt  1 98  is  established  in  its  initi  -1  firing 
position,  it  is  a  satisfactory  direct  support  w-apon.11 

Once  established  ashore  the  weapon  can  be  suf¬ 
ficiently  resupplied  with  ammunition  to  be  able  to  provide 
continuous  direct  support. 

The  battery's  organizational  structure  and  personnel 
strength  will  allow  maximum  effectiveness  to  be  achieved 


from  the  weapon  system. 

The  tabl---  of  equipment  for  an  .\19?  battery  will 
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be  the  same  as  that  of  an  &.101A1  direct  support  battery 
except  for  the  type  of  weapon,  t pe  and  number  of  trucks 
and  the  addition  of  two  rough  terrain  forklifts. 

The  Marine  Corps  will  continue  efforts  to  procure 
the  M8l?»  5  ton  truck  as  the  prime  mover  for  the  1 198 
howitzer. 

Constraints 

This  study  will  focus  on  a  battery  in  support  of 
a  battalion  landing  team.  The  problems  associated  with 
larger  size  artillery  units  will  be  proportionate  to  those 
of  a  single  battery. 

Subsequent  Chanters 

Chapter  II  presents  data  concerning  the  mobility 
of  the  howitzer  and  associated  systems  as  it  pertains  to 
an  amphibious  environment. 

Chapter  III  is  a  collation  and  analysis  of  the 
data  presented  in  Chapter  II.  comparison  of  the  ftlOlAl 
weapon  system's  mobility  is  made  wherever  possible. 

Chapter  IV  presents  the  conclusions  concerning 
the  mobility  of  the  Ml 98  in  an  amphibious  environment 
based  on  the  analysis  of  pertinent  facts  as  presented  in 
this  paper.  The  recommendations  offered  are  directed 
towards  optimizing  the  effectiveness  of  the  weapon  system's 
mobility  and  do  not  take  into  consideration  budgetary 
constraints  which  might  inhibit  their  implementation. 


-MU 
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CHAPTER  II 


WEAPON  MOEILITY 

An  examination  of  those  factors  which  nay  influence 
the  ability  of  an  Ml 98  battery  to  get  from  an  amphibious 
ship  to  a  firing  position  ashore  is  required  to  be  able 
to  determine  its  potential  mobility.  The  e fleet  of  weapon 
size  as  it  relates  to  amphibious  shipping  stowage  space  and 
debarkation  capabilities  is  important  in  analyzing  its 
amphibious  adaptability.  The  effort  required  to  get  a 
battery  ashore  in  landing  craft  is  even  more  significant. 
Next,  an  evaluation  of  the  weapon  system's  ground  mobility 
will  be  made  to  identify  potential  problems  involved  in 
getting  it  from  the  beach  or  landing  zone  to  the  initial 
position.  Finally,  the  study  of  mobility  during  amphibious 
operations  will  address  helicopter  transportability  of  the 
Ml  98. 

Fhvsical  Characteristics 

The  M198's  physical  characteristics  provide  an 
appreciation  for  the  size  of  the  howitzer  and  establish  a 
frame  of  reference  concerning  mobility  in  an  amphibious 
environment.  The  weapon’s  three  operational  configurations 
are  shown  in  figure  1.  Neither  the  firing  nor  the  towed 
positions  require  further  explanation  because  they  are 

10 


a 
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the  same  for  all  other  split-trail  artillery  pieces. 

The  stowed  position  affords  the  howitzer  a  reduction  ir. 
required  storage  space  and  greater  potential  maneuver¬ 
ability  in  confined  areas.1  It  also  allows  the  Ml  98  to 
be  loaded  inside  aircraft  (Cl 30  and  larger).  In  this  con¬ 
figuration;  however,  the  howitzer  can  not  be  pulled  by  its 
prime  mov-r.  The  muzzle  brake  at  the  end  of  the  tube  ex¬ 
tends  beyond  the  lunette  preventing  the  weapon  from  being 
attached  to  the  truck.  With  the  muzzle  brake  removed, 
the  howitzer  can  be  towed  by  the  prime  mover;  however,  when 
replaced  it  must  be  inspected  by  an  ordnance  mechanic  prior 
to  firing.  While  this  is  not  a  lengthy  procedure,  it  would 
still  increase  the  time  necessary  to  prepare  the  weapon 
for  action. 

The  new  weapon's  dimensions  become  more  meaningful 
when  they  are  compared  to  those  of  the  howitzer  it  is  re¬ 
placing.  The  data  in  Table  2  indicate  the  magnitude  of  the 
difference  in  size  of  the  M198  and  the  M101A1.  The  dimen¬ 
sions  of  these  two  howitzers  are  graphically  portrayed  in 
Figure  2.  Two  of  the  Ml 98' s  mobility  characteristics  are 
of  particular  significance.  The  only  Marine  helicopter 
which  can  lift  the  15.600  pound  howitzer  is  the  CH53^ 

which  is  scheduled  to  enter  the  Marine  Corps'  inventory 

2 

in  fiscal  year  1981.  The  second  feature  which  has  the 
potential  to  restrict  the  new  weapon's  mobility  is  the 
lunette  weight  of  3.500  pounds  in  the  stowed  position. 

This  tremendous  weight  prohibits  the  howitzer  from  being 
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lifted  or  positioned  by  section  personnel  and  therefore 
reauires  it  to  be  moved  by  some  other  source. 

TABLE  2 

WEAPON  MOBILITY 
CHARACTERISTICS 


Ml  98 

M101A1 

Height: 

9.5* 

5.1’ 

Length: 

Stowed  Position 
Towed  Position 

24.4* 

40.5’ 

N/A 

19.8* 

Width: 

9.1' 

7.0* 

Lunette  Load 

Stowed  Position 
Towed  Position 

0  0 

0  0 
u-wn 

1 

N/A 

170# 

Prime  Mover: 

M813,  5  ton 
truck 

M35A2C,  21- 
ton  truck 

Weight: 

15 ,600# 

4,980# 

Crew  Size: 

11 
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Amphibious  Adaptability 

The  ability  of  amphibious  shipping  to  offload  an 
Ml 98  battery  and  the  ability  of  landing  craft  or  helicopters 
to  transport  the  howitzers  from  ship  to  shore  dictate  how 
soon  the  artillery  will  be  able  to  provide  fire  support  to 
maneuver  units.  A  battery  should  be  embarked  on  shipping 
which  has  the  potential  to  offload  it  the  fastest  once 
called  ashore.  Table  3  lists  those  characteristics  which 
affect  a  ship’s  effici-ncy  in  carrying  and  discharging  cargo. 


TABLE  3 


AMPHIBIOUS  SHIP  LIFT 
CAPABILITIES 


Type 
Ship  . 

Combat  Load¬ 
ing  (sc  ft)a 

Landing 

Craft0 

Flight 

Deck  Soots 

LHA 

2?,000 

4  LCU/7  LC&8 

9 

LKA 

36,500 

4  LCi'.iS 

l 

LFH 

3,000 

- 

7 

LPD 

13,000 

1  LCU/4  LCM8 

2 

LSD 

3,045° 

3  LCl/9  LCM8 

1 

LST 

16,000 

- 

1 

aThe  figures  listed  are  only  representative  and  may 


vary  for  each  individual  ship. 

Only  those  landing  craft  capable  of  transporting  an 
M198  are  listed. 


space  is 


cWith  a  u.ezzanine  deck  installed,  the  combat  loading 
10,500  but  the  ship  can  only  transport  1  LCU.^ 


While  the  ability  of  ships  to  transport  and  debark 
cargo  is  important,  the  availability  and  capabilities  of 
suitable  landing  craft  are  critical  factors  in  rapidly 
transporting  a  battery  ashore  by  surface  means.  The 
landing  craft,  utility  (LCU)  and  landing  craft  mechanized 
(LCM8)  are  presently  the  only  small  boats  capable  of  carry¬ 
ing  an  K198  and  its  prime  mover.  The  LCU,  being  much  larger, 

h 

has  the  greater  carrying  capacity. 

The  number  of  landing  craft  assigned  to  an  amphib¬ 
ious  task  force  is  as  important  as  their  cargo  carrying 
capacity  when  addressing  the  time  required  to  rapidly  land 


a  battery  ashore.  The  current  allocation  of  small  boats 
to  support  a  MAU  is  3  LCU's  and  2  LCMS's. ^  The  number  of 
landing  craft  assigned  to  an  amphibious  task  force  may  vary 
depending  upon  its  mission;  however,  their  availability  for 
deployment  and  the  assigned  ships'  ability  to  transport  small 
boats  are  limiting  factors.  Based  on  the  lift  potential  of 
each  craft,  Table  4  indicates  the  number  required  to  trans¬ 
port  the  two  artillery  batteries  ashore. 


TABLE  4 

LANDING  GRAFT  REQUIRED  TO  LIFT 
Ml 98  AND  M101A1  BATTERIES 


LCU 

LCM8 

Entire  Battery 

Ml  98 

M101A1 

4+  15(stowed 

only) 

2+  10 

Kowitzers/Prime  Movers  only 

Ml  98 

M101A1 

3 

2 

6( stowed 
only) 

6 

Sources 

Oral  Report.  Phase  I.  Marine 

Corps  Artillery 

Force  Structure  Analysis.  Quantico.  Virginias 
General  Research  Group,  N'o'vember,  1979* 

Fotomac 

Ground  Mobility 

The  battery  must  be  moved  inland  to  its  initial 
firing  position  in  order  to  begin  providing  fire  support 
to  the  maneuver  units  once  the  ship  to  shore  movement  has 
been  completed,  dow  quickly  this  displacement  can  be 
accomplished  depends  upon  the  ability  of  the  prime  mover 
to  tow  the  howitzer  across  the  beach  and  over  other  types 
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of  terrain  during  all  weather  conditions. 

The  fofll3*  5  ton  truck,  used  by  the  Any  as  the 

prime  mover  for  the  Ail 98 ,  has  not  yet  been  tested  in 

littoral,  or  beach  and  surf,  environment.  However ,  Marine 

artillery  units  undergoing  familiarization  training  at 

Fort  Hragg,  North  Carolina  with  the  M813/M198  have  commented 

on  the  comparative  ease  with  which  the  truck  pulled  the 

weapon  through  loose  sand.^ 

Maneuver  capability  of  this  vehicle  was  determined 

by  an  Army  performance  analysis  using  a  statistical  mcbil- 

7 

ity  model  for  European  and  Mid-iast  environments.  Although 
this  evaluation  does  provide  relative  mobility  statistics 
for  the  M813/MI 98  combination,  actual  driving  was  not  done 
to  derive  the  data. 

During  "Follow-Cn  Evaluations"  of  the  weapon  system, 
the  MS 13  was  used  as  the  prime  mover.  Test  results  indi¬ 
cate  "The  vehicle  performed  well  on  dry  terrain,  wet  terrain/ 
muddy  roads,  slopes,  and  frozen  ground/freeze-thaw  condi¬ 
tions."® 

As  a  result  of  testing  conducted  by  the  Australian 

Army  in  1977»  the  M813  was  determined  to  be  unsuitable  for 

towing  the  howitzer  in  a  tropical  environment,  especially 

0 

during  the  wet  season. 

Another  aspect  of  ground  mobility  involves  situations 
where  the  K813*  regardless  of  its  suitability,  would  be 
either  unavailable  or  incompatible.  Unlike  the  1U01A1,  the 
new  howitzer  can  not  be  manhandled  for  even  the  shortest  of 


lo 

distances  by  its  gun  crew  cue  to  its  greater  weight. 

^  »  V/.  -  *  *  *  -  *  •»  ♦»*  *  ■  *  ****  ***  ■*4  J  *'  •*  *  *~  '*  w«/ 

essential  for  moving  the  weapon  from  where  the  a ire re  ft  ruts 
it  down  to  the  battery  emplacement.  This  means  an  aux¬ 
iliary  means  of  transportation  is  required.  An  auxiliary 
transportation  source  would  also  be  required  aboard  ship  if 
the  wr-apons  are  to  be  embarked  in  the  stowed  position.  The 
I'.arine  Corps  recognized  this  need  for  an  auxiliary  mover 
and  tested  the  ;4000,  rough  terrain  forklift  to  determine 
its  suitability  f;r  filling  this  role.  The  results  of  this 
evaluation  concluded  that  the  forklift  could  perform  ade¬ 
quately  as  an  auxiliary  mover  under  the  test  conditions.*^ 

The  terrain  over  which  the  forkliit  can  maneuver  the  howitzer 
is  considered  to  be  compatible  with  that  which  would  bo 
suitable  for  a  helicopter  land  in  sr  zone. 


helicopter  Transportability 

At  this  time  it  is  planned  initially  to  assign 
one  squadron,  of  15  Ch53E's  each,  to  aviation  units  on 
both  coasts  of  the  '  nited  States.  These  units  will  he 
capable  of  deploying  two  detachments  of  six  helicopter; 
simultaneously. ' 

This  aircraft  has  successfully  lirted  the  howitzer 
and  7, 500  pound 3  of  simulated  ammunition  externally  while 

i  •? 

carry j.n~  a  howitzer  section  of  ten  men  inside. ““  It  has 

also  lifted  the  56198  •-•xteroally  with  a  rough  terrain  fork- 

1  a 

lift  and  two  cannoneers  in  the  cargo  compartment.4’'  The 
helicopter  achieved  an  air  speed  of  110  knots  with  both 
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load  configurations  and  experienced  no  unstable  conditions.1^ 
:•  igure  ^  depicts  the  lift  capabilities  of  tola  aircraft, 
as  well  as  the  currently  employed  CH53 compared  to  the 
weaccns  and  vehicles  heinfr  discussed  in  this  study. 


Summary 

The  increased  size  and  weight  of  the  Ml 98  over  the 
weapon  it  is  replacing  create  significant  mobility  problems 
which  will  have  to  be  overcome  re  fore  it  will  be  able  to 
fulfill  the  direct  support  role.  Starting  with  the  move¬ 
ment  to  the  objective  area,  the  am  phi  io  ..s  shipping  reouire- 
ments  for  the  155mm  battery  may  affect  the  space  available 
for  the  oth  r  equipment  to  be  embarked  to  support  the  wall 
and  it  may  also  influence  the  type  of  ships  n.eded  to 
support  the  task  force,  additionally,  the  effort  required 
to  take  the  hi 98  from  ship  to  shore  may  impact  on  how  early 
it  can  influence  the  battle.  A  new  dimension  in  ground 
mobility  also  accompanies  the  new  weapon.  Its  tremendous 
weight  requires  an  auxiliary  mover  to  move  the  howitzer  in 
the  absence  of  its  prime  mover  or  when  it  is  in  the  stowed 
position.  Consistent  with  the  increased  effort  to  move  the 
hi 98  at  sea  and  on  land,  only  the  yet- to-be  introduced 
CH53S  helicopter  can  transport  the  howitzer  ashore  by  air. 


1  1 
r  1 
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Analysis  of  the  howitzer's  mobility  data  indicate 
the  situations  and  conditions  under  which  the  M9P’s 
maneuverability  will  detract  from  getting  it  established 
ashore  to  support  an  amphibious  assault.  The  mobility  of 
the  Fv'iOVAl  weapon  system  under  the  same  circumstances  will 
he  used,  when  f-asible,  as  a  point  of  reference  in  e value tin 
its  replacement’s  relative  maneuverability. 


<\mph ihious  Adaptability 

The  first  area  of  examination  is  the  increase  in 
required  stowage  space  resulting  from  th*  new  howitzer’s 
larger  physical  characteristics  and  caliber.  This  dif¬ 
ference  oy  its- If  does  not  affect  mobility;  however,  it 
will  affect  the  type  of  chipping  and  emba  kation  require¬ 
ments  for  a  marine  Amphibious  tnit.  An  Ail  ‘-‘S  na  ttery  re- 
nuires  64*  more  stowage  area  in  the  stowed  position  •  2 2 0'lj  nq 
ft*)  and  PS/T  more  (31  SO  sq  ft)  in  the  tewed  position  than 
the  105mm  howitzer  battery.  155 som  artillery  ammunition 
occupies  5?5  more  cubic  feet  of  storage  area  than  the 
same  amount  of  105mm  artillery  ammunition. 


The  effect  of  th-  difference  in  required  p’-ip:  in 
s;.sc9  for  ‘-hr  two  t  pes  cf  howitzer  batteries  and  their 


cf  hov.itze 
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cccompanyin/r  ammunition  can  not  be  realized  simply  by 
analyzing  these  statistics.  The  other  weapons,  equipment 
and  ammunition  to  be  embarked  by  the  landing  force  also 
will  have  an  impact  on  the  number  and  t;.  pe  of  ships  required 
to  re  deployed  in  support  of  the  task  force.  Since  the 
kinds  and  auantities  of  equipment  will  vary  depending  on 
the  task  force's  mission,  it  is  sufficient  to  recognize  the 
difference  in  stowage  requirements  for  the  two  artillery 


weapon  systems. 

An  analysis  of  the  principle  amphibious  ships' 
lift  capabilities  and  physical  characteristics  indicates 
their  flexibility  and  speed,  or  lack  thereof,  in  d;: harking 
large  weapons  and  vehicles. 

The  break  bulk  configure  lion  of  the  LhA  requires 
equipment  to  be  discharged  by  crane  from  the  cargo  holds  to 
larding  craft  stationed  along  side  the  ship.  Also,  the  one 
helicopter  deck  spot  means  a  significant  incr-ase  in  loiter 
time  for  an  aircraft  picking  up  both  an  internal  arm  an 
external  load. 

The  lack  of  a  landing  craft  docking  we 1 1  and  a 
larve  crane  prohibits  the  LPH  from  loading  heavy  equipment 
into  landing  craft,  although  its  flight  deck  on.  facili¬ 
tate  rapid  debarkation  by  helicopter,  it  lack s  the  combat 
leading  space  to  accomodate  an  entire  attery. 

The  iSD's  combat  loading  capacity  is  insufficient 
to  stow  either  battery  if  the  well  deck  is  used  to  stew 
landing  era  t  preloaded  with  weapons  and  •  o’-ij  «»ent  sched- 
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uled  to  land  with  the  initial  assault  waves.  If  the 
artillery  is  preloaded  in  the  larding  craft  for  rapid 
surface  delivery,  it  is  difficult  to  debark  the  weapons 
by  helicopter  should  a  change  in  plans  so  dictate.  Ey 
installing  a  deck,  referred  to  as  a  mezzanine  deck,  over 
a  portion  of  the  normally  open  well  deck,  the  ship's  stor¬ 
age  capacity  is  significantly  increased  but  its  ability 
to  carry  landing  craft  is  reduced  (see  Table  3)* 

Without  a  landing  craft  docking  well,  the  LST  must 
rely  on  a  relatively  smooth  sea  state  to  safely  debark 
vehicles  and  large  weapons  into  small  boats.  Additionally, 
this  ship  usually  carries  the  causeway  sections  used  to 
support  the  task  force's  unloading  operations.  This  pro¬ 
hibits  helicopters  from  landing  on  the  ship’ s  flight  deck.1 

The  physical  characteristics  of  the  LHA  and  the  LPD 
do  not  detract  from  their  capability  to  rapidly  offload 
cargo.  The  combination  of  landing  craft  docking  wells  and 
flight  decks  with  more  than  one  landing  spot  make  these  two 
ships  the  best  and  most  flexible  for  debarking  an  artillery 
battery. 

Although  the  characteristics  and  capabilities  of 
these  amphibious  ships  do  not  offer  a  reduction  in  the  K198's 
mobility  to  any  greater  degree  than  that  experienced  by 
the  M101A1,  its  dimensions  do  cause  a  relative  reduction 
in  mobility  when  utilizing  landing  craft  during  the  ship 
to  shore  movement.  This  is  because  it  is  not  practical  to 
use  LC?'!p,s  for  this  task.  The  howitzer  must  be  in  the 
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stowed  position  to  fit  in  this  craft  with  its  truck  which 
means  an  auxiliary  mover  is  needed  'o  both  load  and  unload 
the  weapon.  On  a  hostile  shore,  where  rapid  offloading  is 
essential,  it  is  not  logical  to  plan  on  using  such  a  lengthy 
debarkation  process.  Accordingly,  the  guns  and  prime  movers 
of  an  Ml  98  battery  are  dependent  on  LCU’s  for  transport¬ 
ation  to  the  beach.  In  contrast,  an  M101A1  battery  can  be 
surface  landed  utilizing  either  LCU's  or  LCM8’s.  The  result 
is  that  during  the  ship  to  shore  phase  of  an  amphibious 
operation  the  new  weapon  system  has  a  comparative  loss  of 
mobility  because  of  the  fewer  number  of  small  boats  capable 
of  taking  it  ashore  and  the  greater  number  of  loads  which 
are  necessary  to  do  so.  The  resultant  loss  of  mobility 
can  be  equated  to  an  initial  reduction  in  fire  support  capa¬ 
bility.  This  is  best  understood  by  examining  a  simple 
scenario.  All  six  howitzers  of  an  M101A1  battery  can  be 
brought  ashore  in  two  LCU's.  Only  four  M19S's  can  be  trans¬ 
ported  to  the  beach  with  the  same  number  of  landing  craft. 

These  four  155mm  howitzers  can  provide  just  66%  of  the  fire 

2 

power  produced  by  the  105mm  battery. 

Ground  Mobility 

The  firing  unit  must  still  travel  to  its  firing 
position  to  begin  providing  artillery  support  once  the 
small  boats  have  landed  the  howitzers.  The  focus  of  this 
critical  task  is  the  proficiency  of  the  prime  mover.  The 
Jn8l3's  performance  in  various  environments  and  under  dif¬ 
ferent  conditions  is  well  enough  documented  and  substantiated 
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to  properly  appraise  its  ability  to  tow  the  Ml 98.  The 
Army’s  overall  evaluation  of  the  truck  as  a  prime  mover 
is  that  it  is  adequate  even  though  it  has  to  operate  at 
or  near  its  capacity  to  accomplish  the  mission.  Continually 
functioning  at  the  limits  of  its  potential?  however,  may 
result  in  a  lack  of  durability  over  a  period  of  time.^ 

The  greatest  contrast  in  ground  mobility  between 

the  two  howitzers  does  not  involve  their  prime  movers,  rather 

it  is  the  M198’s  need  for  an  auxiliary  mover.  The  testing 

done  by  the  Marine  Corps  indicates  the  KC4000,  rough  terrain 

forklift,  has  some  difficulty  in  turning  the  howitzer  in 
4 

tight  circles.  This  limitation  casts  some  doubt  on  the 
MC4000' s  utility  in  positioning  the  weapon  aboard  a  crowded 
ship.  The  test  did  conclude  that  the  x'orklift  is  capable 
of  providing  the  necessary  howitzer  mobility  in  and  around 
a  helicopter  landing  zone  if  the  ground  is  relatively  firm 
and  flat. 

While  the  MC4000  may  have  some  utility  as  an  aux¬ 
iliary  mover  for  the  weapons  of  an  Ml 98  battery,  its  primary 
function  of  cargo  handling  -vould  certainly  add  to  the  over¬ 
all  mobility  of  the  unit.  The  forklift’s  ability  to  move 
palletized  ammunition  would  prove  invaluable  in  situations 
where  the  prime  movers  or  ammunition  trucks  are  not 
available . 


Helicopter  Transportability 

It  is  essential  for  a  weapon  to  have  the  flexibility 
of  being  able  to  be  employed  by  helicopter  in  order  to  be 


responsive  as  a  direct  support  weapon.  Comparison  of  ooth 
howitzers’  ability  to  bo  transported  by  helicopter  provides 
an  indication  as  to  the  M198’s  relative  mobility  during 
these  displacements.  Only  the  effort  necessary  to  get  the 
weapons  (and  an  auxiliary  mover  for  the  iv:  1 98  battery), 
their  crews  and  ammunition  will  be  appraised  because  that 
is  all  that  is  needed  to  commence  firing  in  support  of  the 
ground  gaining  forces.  The  number  of  aircraft  sorties 
necessary  to  transport  these  two  units  to  a  firing  position 
offers  the  data  needed  to  make  this  evaluation. 

One  CH53-  is  required  to  carry  each  iv.  1 9 B  for  a 
minimum  of  six  sorties  for  a  battery.  The  auxiliary  mover 
can  be  loaded  in  the  cargo  compartment  of  one  of  these  air¬ 
craft.  Although  both  the  CH53D  and  the  CH53E  have  the 
potential  to  lift  two  M101A1  howitzers  at  one  time,  it  is 
currently  the  practice  to  lift  only  one  at  a  time.  This 
means  the  105mm  battery  also  requires  at  least  six  heli¬ 
copter  loads  to  transport  its  weapons  ashore.  The  number 
of  personnel  and  amount  of  ammunition  the  CH53E  can  trans¬ 
port  in  addition  to  one  howitzer  is  a  function  of  weight. 
The  combined  weight  of  people  and  ammunition  can  not  exceed 
the  difference  between  the  weight  of  the  howitzer  being 
carried  and  the  lift  capacity  of  the  aircraft.  The  infor¬ 
mation  provided  in  Figure  4  indicates  the  additional  amount 
cf  cargo  this  helicopter  can  carry.  Although  the  weight 
allocation  for  personnel  and  ammunition  m*y  vary  from  lead 
to  load,  the  CK53S  has  the  ability  to  carry  cannoneers  and 


some  ammunition  with  each  type  of  howitzer. 

The  results  of  this  comparison  indicate  the  same 
number  of  sorties  are  needed  to  displace  each  oattery  but 
the  ?>’;1 98  is  dependent  on  being  transported  by  the  CH53S 
while  the  K101A1  can  be  carried  by  both  models  of  the  CH53 
helicopter. 


S  urinary 


The  relative  mooility  of  the  r.  1 98  as  compared  to 


the  iUOlAl  can  be  understood  through  analyzing  their  amphic- 
icus  adaptability,  ground  mobility,  and  helicopter  trans¬ 
portability.  The  new  howitzer's  size  presents  no  compar¬ 
ative  loss  of  mooility  when  being  debarked  from  amphibious 
ships}  however,  it  does  require  a  greater  effort  to  get 
ashore  using  the  landing  craft  currently  available.  The 
IV813  has  proven  to  be  an  adequate  prime  mover  for  the  M198 
but  an  auxiliary  mover  is  necessary  in  situations  where  the 
truck  is  not  available.  Finally,  the  new  weapon's  helicop¬ 
ter  transportability  is  equal  to  that  of  the  MOlAl  only 
w»->en  the  CH53E  aircraft  is  utilized. 
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CHArTuR  IV 

CONCLUSIONS  AND  RLC  CKMEN DkTI ON 3 

The  M198  weapon  system  is  capable  of  being  ~  oved 
from  amphibious  shipping  to  an  Initial  firing  position  by 
landing  craft  or  helicopter;  however,  analysis  of  its 
maneuverability  in  this  environment  indicates  it  presently 
suffers  a  comparative  loss  of  mocility  in  two  critical 
areas.  A  greater  effort  is  needed  to  transport  a  battery 
ashore  in  the  landing  craft  presently  available  and  an 
auxiliary  mover  is  necessary  to  provide  position  area 
motility  for  the  howitzer  in  the  absence  of  its  prime 
mover.  The  ability  to  compensate  for  or  overcome  these 
deficiencies  will  determine  how  successful  the  Ml 98  will 
be  in  fulfilling  the  direct  support  role  in  an  amphibious 
operation. 

Conclusions 

The  time  and  effort  required  to  get  an  Ml 98  battery 
ashore  is  affected  by  the  capability  of  amphibious  shipping 
to  accommodate  landing  craft  and  the  availability  of  small 
boats  which  can  transport  the  weapons.  Even  though  an 
Ml 98  battery  can  fit  on  all  the  principle  ships  except  the 
LPH,  the  best  ship  on  which  to  embark  this  unit  is  the  LHA. 
It  offers  the  shortest  amount  of  time  to  offload  the  ow- 
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itzers  because  its  larding  craft  docking  well  can  accom¬ 
modate  the  loading  of  two  LOU’s  simultaneously.  <.'n fortun¬ 
ately,  the  availability  of  these  particular  landing  craft 
presents  a  problem.  The  limited  number  of  these  small 
boats  currently  assigned  tc  support  a  MU  necessitates 
assigning  a  high  priority  to  their  use  in  taking  the  weapons 
ashore  as  soon  as  possible.  The  early  dedication  of  the 
LCU's  to  the  artillery  has  an  impact  on  the  movement  of 
the  other  weapons  and  equipment  to  the  beach.  Obviously, 
a  battery  equipped  with  the  M 98  will  always  require  more 
small  boats  to  be  transported  ashore  than  one  using  the  cur¬ 
rent  howitzer  because  of  its  larger  size.  For  this  reason, 
there  is  a  need  to  increase  the  number  and  type  of  landing 
craft  capable  of  transporting  the  new  howitzer  to  provide  the 
commander  the  flexibility  of  introducing  it  in  the  early 
stages  of  the  battle  without  preempting  other  essential 
high  priority  items. 

The  replacement  of  the  LCM8  with  the  Landing  Craft 
Air  Cushion  (LCAC)  during  the  late  198O  time  frame  will 
provide  a  quantum  increase  in  surface  transportation  capa¬ 
bility.  The  speed  of  the  LCaC,  as  well  as  a  greater  load 
carrying  capacity  will  reduce  the  time  and  effort  necessary 
to  take  large  weapons  and  eauipment  to  the  beach.1 

The  W198's  comparative  loss  of  ground  mobility  is 
not  so  apparent  as  its  relative  loss  of  mobility  during  the 
ship  to  shore  movement,  but  it  may  have  a  greater  impact  on 
its  ability  to  provide  fire  support  to  the  ground  gaining 
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forces.  Although  the  KB 13  is  adeouate  as  a  prime  mover, 
there  is  a  valid  reauirement  to  have  an  auxiliary  mobility 
source  for  the  howitzer  when  its  truck  is  not  available. 

Sven  though  the  MC4000  may  have  only  limited  utility  aboard 
ships  to  position  weapons,  it  has  demonstrated  its  potential 
to  provide  the  needed  mobility  for  the  howitzer  during  heli¬ 
copter  displacements.  However,  relying  on  these  rough 
terrain  forklifts  as  the  sole  means  of  providing  this  maneu¬ 
verability  has  significant  disadvantages. 

Any  delay  in  emplacing  a  battery  may  deny  ess  ntial 
artillery  fires  to  maneuver  units.  In  a  combat  scenario  in 
which  the  battery  is  taken  ashore  by  helicopter,  the  addi¬ 
tional  time  consumed  in  attaching  and  positioning  six  howitzers 
with  two  forklifts  can  be  the  cause  of  this  costly  delay. 

This  ratio  of  auxiliary  movers  to  howitzers  is  a 
potential  problem  when  the  survivability  if  the  battery  is 
considered.  The  capability  of  enemy  target  acquisition  sys¬ 
tems  could  subject  the  battery  to  accurate  counterfire  long 
before  the  prime  movers  are  available  to  displace  the  weapons 
to  an  alternate  firing  position.  The  two  forklifts  each 
must  make  three  round  trips  to  complete  the  subsequent  move 
from  the  old  to  the  new  emplacement  with  an  attendant  pro¬ 
longed  exposure  to  enemy  artillery  fire. 

The  disadvantage  of  relying  on  these  forklifts  to 
provide  the  necessary  weapon  maneuverability  poses  even 
greater  potential  problems  if  the  realistic  considerations 
of  equipment  failures  and  maintenance  requirements  are 


taken  into  account. 


Recommendations 

The  mobility  of  artillery  weapons  has  always  been 

a  concern  of  the  military  tactician.  After  World  War  I, 

General  John  J.  Pershing  concluded  that  the  positional 

warfare  which  was  fought  in  Europe  during  the  War  was , 

to  a  large  degree,  a  result  of  the  lack  of  mobility  of  the 
2 

artillery.  The  continual  determination  of  artillerymen 

to  improve  weapon  mobility  is  captured  in  an  excerpt  from 

a  lecture  on  the  replacement  of  horses  with  motor  transport 

as  prime  movers  for  artillery  which  was  delivered  by  LTC 

W.  R.  Conolly  at  the  Center  of  Artillery  Studies  at  Treves, 

Germany,  during  April  1916. 

Technical  progress  during  the  war  has  always  brought 
about  new  complications,  and  these  complications  have 
always  raised  a  priori  considerable  opposition,  but 
experience  has  shown  that  progress  was  a  matter  of 
necessity,  and  it  has  been  found  impossible  to  reject 
because  of  complications.-^ 

This  positive  and  progressive  attitude  expressed 
64  years  ago  is  still  valid  today.  Although  the  KC4000 
is  presently  the  best  means  of  auxiliary  transportation 
for  the  M198.  the  shortcomings  associated  with  its  employ¬ 
ment  for  this  sole  purpose  necessitates  developing  a  more 
efficient  system. 

A  solution  to  the  problem  of  providing  the  howitzer 
with  an  auxiliary  means  of  maneuverability  without  having 
to  depend  on  another  vehicle  is  to  design  a  power  source 
as  an  integral  part  of  the  weapon.  This  auxiliary  pro- 


pulsion  concept  is  not  a  novel  idea  and  was  considered 

4 

for  the  Ml 98  during  its  early  development.  The  Field 
Howitzer  70,  developed  jointly  by  Britain,  West  Germany 
and  Italy  employs  such  a  system.  This  power  source  can 
assist  the  prime  mover  in  moving  the  howitzer  across  mar¬ 
ginal  terrain  as  well  as  move  the  howitzer  by  itself. ^ 

Although  a  similiar  auxiliary  propulsion  system 
for  the  Ml 98  was  studied  by  the  Army,  it  was  not  rursued 
e cause  at  that  time  "the  standard  and  developmental  cargo 
helicopters  exhibited  the  capability  of  lifting  loads  weigh¬ 
ing  7  or  8  tons."^  The  additional  weight  of  the  propul¬ 
sion  unit  would  prohibit  the  howitzer's  employment  by  heli¬ 
copter.  For  the  Marine  Corps,  this  weight  restriction  will 
no  longer  exist  when  the  CH53E  helicopter  becomes  operational 
With  this  obstacle  overcome,  the  development  of  such  a 
system  can  be  undertaken. 

The  design  of  an  auxiliary  propulsion  unit  for  the 
M198  should  incorporate  certain  features.  The  engine  and 
trans-axle  should  be  powerful  enough  to  enable  the  howitzer 
to  negotiate  cross-country  terrain  with  a  substantial 
radius  of  operation.  Also,  it  should  be  light  enough  to 
still  permit  the  CH53E  to  transport  personnel  and  ammunition 
with  the  weapon. 

V 

Luring  helicopter  displacements,  the  auxiliary 
propulsion  unit  would  make  possible  the  positioning  of  each 
howitzer  in  the  battery  area  without  relying  on  the  presence 
of  a  prime  mover  or  some  other  vehicle.  Additionally,  the 


survivability  of  the  battery  would  be  enhanced  because  all 
weapons  could  be  moved  simultaneously  to  an  alternate  firing 
position. 

With  the  auxiliary  propulsion  system  as  an  integral 
part  of  the  howitzer  the  problem  of  ensuring  that  an  aux¬ 
iliary  mover  or  even  a  prime  mover  is  always  available  to 
maneuver  the  weapons  in  a  battlefield  scenario  does  not  exist. 
An  additional  benefit  derived  from  this  means  of  auxiliary 
transportation  is  that  storing  the  M198  in  the  stowed  position 
becomes  more  feasible.  The  restricted  turning  radius  asso¬ 
ciated  with  utilizing  the  MC4000,  or  similiar  type  vehicle, 
would  be  overcome  which  would  improve  its  maneuverability 
aboard  ship  as  well  as  on  land. 

Taking  into  account  the  possibility  of  mechanical 
failure  on  one  or  more  of  the  auxiliary  propulsion  units 
during  tactical  operations,  the  battery  is  presented  with 
the  same  mobility  problem  for  the  howitzer  that  currently 
exists.  For  this  reason,  the  addition  of  the  two  ferklifts 
to  a  battery’s  inventory  would  augment  the  auxiliary  pro¬ 
pulsion  units  by  providing  an  excellent  tertiary  means  of 
howitzer  mobility.  Additionally,  the  IvC4000's  proven 
ammunition  handling  capability  offers  an  Ml 98  unit  increased 
responsiveness  and  flexibility  needed  as  a  direct  support 
artiir  ry  battery. 

The  MI98  is  capable  of  being  transported  ashore 
in  the  same  manner  as  the  weapon  it  is  replacing  1  however, 
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it  suffers  a  comparative  loss  of  mobility  in  two  critical 
areas  because  of  its  increased  size  and  weight.  Carrying 
the  weapon  to  the  beach  in  landing  craft  involves  more 
time  and  assets.  Additionally,  the  need  for  an  auxiliary 
mover  to  position  the  howitzers  in  the  absence  of  their 
prime  movers  increases  the  time  necessary  to  prepare  the 
battery  to  fire. 

Larger  and  faster  landing  craft  than  those  present¬ 
ly  in  the  Navy's  inventory  will  allow  the  11.198  to  be  brought 
ashore  early  without  adversely  affecting  the  rest  of  the  ship 
to  shore  movement.  More  critical  is  the  need  to  develop  an 
auxiliary  propulsion  unit  which  is  an  integral  part  of  the 
howitzer.  Such  a  system  will  increase  its  battlefield 
responsiveness  and  improve  its  survivability. 
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FIGURE  3 

STOWAGE  AREA  REQUIRED  FOR 
Ml  98  AND  M101A1  BATTERIES 

Note:  The  figures  in  Figure  3  do  not  take  into 
account  the  liaison  officer  and  forward  observer  vehicles 
which  would  be  included  in  the  supported  units’  shipping 
space  requirements. 
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